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Abstract
Background—Ethanol undergoes a first
pass metabolism (FPM) in the stomach
and liver. Gastric FPM of ethanol prima-
rily depends on the activity of gastric
alcohol dehydrogenase (ADH). In addi-
tion, the speed of gastric emptying (GE)
may modulate both gastric and hepatic
FPM of ethanol.
Aims—To study the eVect of modulation of
GE on FPM of ethanol in the stomach and
liver.
Methods—Sixteen volunteers (eight men
and eight women) received ethanol (0.225
g/kg body weight) orally and intravenously,
and the areas under the ethanol concen-
tration time curves were determined to
calculate FPM of ethanol. In seven of these
subjects, FPM of ethanol was measured
after the intravenous administration of 10
mg metoclopramide (MCP) and 20 mg
N-butylscopolamine (NBS) in separate
experiments to either accelerate or delay
GE. GE was monitored sonographically by
integration of the antral area of the
stomach every five minutes for 90 minutes
after oral ethanol intake. In addition,
gastric biopsy specimens were taken to
determine ADH activity and phenotype, as
well as to evaluate gastric histology. Blood
was also drawn for ADH genotyping.
Results—GE time was significantly de-
layed by the administration of NBS as
compared with controls (p<0.0001) and as
compared with the administration of
MCP (p<0.0001). This was associated with
a significantly enhanced FPM of ethanol
with NBS compared with MCP (p =
0.0004). A significant correlation was
noted between GE time and FPM of etha-
nol (r = 0.43, p = 0.0407). Gastric ADH
activity did not significantly correlate with
FPM of ethanol.
Conclusion—FPM of ethanol is strikingly
modulated by the speed of GE. Delayed
GE increases the time of exposure of etha-
nol to gastric ADH and may therefore
increase gastric FPM of ethanol. In addi-
tion, hepatic FPM of ethanol may also be
enhanced as the result of slower absorp-
tion of ethanol from the small intestine.
Thus a knowledge of GE time is a major
prerequisite for studying FPM of ethanol
in humans.
(Gut 1998;43:612–619)
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Oral alcohol ingestion results in lower blood
ethanol concentrations than are observed after
the intravenous administration of an equal
amount of ethanol. This phenomenon is called
first pass metabolism (FPM) of ethanol, which
is due, at least in part, to gastric ethanol
metabolism by alcohol dehydrogenase (ADH).
In the stomach various ADH isoenzymes,
including class I (â, ã), III (÷) and IV (ó),
exist.1 2 All of these ADH isoenzymes contrib-
ute to ethanol metabolism after oral alcohol
intake2–6, and, as they have diVerent kinetic
properties, total gastric ADH activity varies
with the ethanol concentration of the alcohol
beverage consumed. Although a significant
correlation between gastric ADH activity and
FPM of ethanol has been shown,3 the contribu-
tion of the stomach to FPM of ethanol still
remains a matter of debate, as it has been sug-
gested that hepatic FPM of ethanol also exists,
which may be influenced by, among other fac-
tors, the speed of alcohol absorption.7–10

It has been shown that gastric ADH activity
is aVected by various factors including
gender,3 5 11–13 age,2 5 11 12 medication,14–18 con-
centration of ingested ethanol,19 20 and gastric
morphology, including atrophic gastritis and
the presence of Helicobacter pylori.21–26 In
addition, the pattern of ADH isozyme expres-
sion in the gastric mucosa also determines
ADH activity. Thus the presence of ó-ADH
and ADH3

1–1 is associated with high total
gastric ADH activity. It is interesting to note
that fasting and gastrectomy significantly
decrease FPM of ethanol,27 28 possibly because
of more rapid gastric emptying (GE) and an
increased rate of intestinal absorption of
ethanol. An increased speed of GE may both
decrease the time of exposure of ethanol to
gastric ADH, reducing gastric FPM of ethanol,
and lead to accelerated absorption of ethanol,
which may decrease hepatic FPM of alcohol.8

Indeed, recently Pedrosa et al24 found a signifi-
cant association between FPM of ethanol and
GE time, and Amir et al18 reported increased
bioavailability of imbibed alcohol when admin-
istered in combination with the H2 blocker
ranitidine because of the ranitidine induced
increase in the rate of GE.

Therefore the aim of our study was to inves-
tigate the role of GE and gastric ADH activity
in the FPM of ethanol in healthy volunteers.

Methods
FIRST PASS EXPERIMENTS

Sixteen volunteers (eight men and eight
women) aged between 24 and 52 years (mean
(SEM) age 37.1 (2.0) years; mean age of
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women 35.6 (3.3), range 24–52 years; mean
age of men 38.5 (2.2), range 2–45 years) were
studied. One hour after a standard breakfast
(consisting of one slice of bread with butter and
marmalade and one cup of coVee with milk
and sugar) each volunteer received ethanol
(0.225 g/kg body weight) orally on day 1 and
intravenously on day 2. Ethanol was given as a
5 g/100ml concentration in a 5% glucose solu-
tion and administered orally within two
minutes and intravenously as a continuous
infusion over 30 minutes. Blood samples (3 ml)
were drawn at time 0 and after 5, 10, 15, 20, 30,
45, 60, 90, 120, 150, 180, 210, and 240
minutes through an intravenous catheter, and
serum was obtained for the determination of

ethanol concentration.24 To modulate the
speed of GE, the above experiment was
repeated in ten volunteers (six men and four
women) with the modification that 10 mg
metoclopramide (MCP) was given intrave-
nously three minutes before oral alcohol
administration on day 3 and 20 mg
N-butylscopolamine (NBS) on day 4. In seven
of these volunteers (four men and three
women), the same experiment was repeated,
when alcohol was administered intravenously
(days 5 and 6). Plasma ethanol concentrations
were measured using an adaptation of an assay
developed by Sigma Diagnostics (Procedure
No 322; St Louis, Missouri, USA) for a Cobas
Fara II Centrifugal Analyzer (Roche Analytical
Instruments Inc, Nutley, New Jersey, USA).
This adaptation of an enzymic method devel-
oped by Bucher & Redeteski29 included the
dilution of the lowest standard to accommo-
date low levels of plasma ethanol. The area
under the whole blood concentration time
curve (AUC) was calculated by applying the
trapezoidal rule, with extrapolation from the
last measured concentration to infinity by use
of the final slope. FPM was calculated from the
diVerences between the AUC values from the
concomitant intravenous and oral alcohol
administration. The study was approved by the
ethics committee of the University of Heidel-
berg, and each participant gave written con-
sent.

MEASUREMENT OF GE
To monitor the speed of GE, a sonographic
method was used to determine the antral area

Figure 1 Sonograph of the antrum of the stomach during gastric emptying without medication. The integral antral area
decreases with time. A, After five minutes; B, after 30 minutes; C, after 60 minutes; D, after 90 minutes.

Figure 2 Monitoring of gastric emptying of one subject after oral ethanol intake with
metoclopramide (MCP), N-butylscopolamine (NBS), and without medication.
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of the stomach after ethanol ingestion with and
without preceding application of MCP and
NBS.30 31 The reduction in the antral area was
measured with time (every five minutes for 90
minutes) and complete GE was reached when
the antral area was similar to that measured
before alcohol administration. This method
has previously been validated by barium x ray
of the stomach30 and by scintigraphy.31 Figure 1
shows the typical sonographic appearance of
the antrum of the stomach during GE, and, as
an example, fig 2 shows the monitoring of GE

of one subject after oral ethanol administration
without and with prior intravenous injection of
MCP and NBS.

GASTROSCOPY

At the end of the first-pass experiments all vol-
unteers except two, who refused, underwent
gastroscopy (n = 14), and biopsy specimens
were taken from the antrum and body of the
stomach to determine gastric ADH activity and
to assess gastric mucosal histology and the
presence or absence of H pylori. None of the
volunteers was receiving medication—for ex-
ample, H2 receptor blockers or aspirin. Endos-
copy was carried out with an Olympus GIF
Q10 endoscope (Olympus, Hamburg, Ger-
many), and the biopsy specimens were ob-
tained with a forceps type FB3K (Olympus).

ASSAY OF ADH ACTIVITY

ADH activity was measured as previously
described.2 5 The biopsy specimens (wet weight
5–12 mg) were immediately frozen in liquid
nitrogen and kept at −80°C until assayed. The
tissue specimens were homogenised in 20 mM
Tris/HCl buVer (pH 8.6) at 4°C using a
specially designed homogeniser for Eppendorf
vials (VWR Inc, Andover, Massachusetts,
USA), and then centrifuged at 3000 rpm for
one minute. The supernatant was used for
assay of ADH activity. ADH activity was deter-
mined by monitoring the formation of NADH
at 340 nm and 25°C in a Cary 219 spectropho-
tometer. Alcohol oxidation was measured in a 1
ml/cm light path cell with 0.1 M glycine/
NaOH, pH 10.0. The NAD+ concentration
used was 2.4 mM and the ethanol concentra-
tion 100 mM. The soluble protein content in
the supernatant fraction was measured by the
method of Lowry et al32 using bovine serum
albumin as standard.

PHENOTYPING OF ADH
To determine the isoenzymes of ADH, starch
gel electrophoresis was performed on gastric
biopsy samples as described by Moreno and
Parés.4 The gels (24 × 12 × 0.3 cm) contained
11% starch, 0.74 mM NAD+, and 20 mM
Tris/HCl, pH 8.6. Samples were applied to
paper wicks (6 × 3 × 0.25 mm) and inserted
into the gel at the centre of the slabs. Gels were
run at 720 V for five hours at 4°C. Immediately
after electrophoresis, gels were sliced longitudi-
nally into two slabs, which were stained for
ADH activity. The staining solution (500 ml)
contained 50 mM Tris/HCl, pH 8.6, 100 mM
2-buten-1-ol, 11 mM pyruvic acid, 0.55 mM
NAD+, 0.24 mM nitro blue tetrazolium, and
0.065 mM phenazine methosulphate. Gel slabs
were incubated in these solutions at 40°C for
about 40 minutes in the dark. After being
stained, the gels were washed with water, pho-
tographed, and stored at 4°C.

GENOTYPING OF ADH
Drops of blood were taken from each subject
by finger prick, deposited on to filter paper, and
used for determination of ADH3 genotypes.
ADH3 genotyping was carried out by polymer-
ase chain reaction (PCR) amplification.33 A 5

Figure 3 Serum ethanol concentration time curves without medication after oral and
intravenous ethanol administration (A) for men (n = 8) and (B) for women (n = 8). No
significant diVerences are noted between men and women.
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Figure 4 Serum ethanol concentration time curves after oral alcohol ingestion (n = 10)
without medication, with metoclopramide (MCP), or with N-butylscopolamine (NBS).
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mm disk of filter paper impregnated with dry
blood was placed directly into 100 ml PCR
buVer (0.01 M Tris/HCl, 0.05 M KCl, 0.0015
M MgCl2, 0.1% Triton X-100, pH 8.8)
together with the deoxyribonucleoside triphos-
phates dATP, dCTP, dGTP, and dTTP, as well
as two oligonucleotide primers each at 1 mM.
The primers for ADH3 were those described by
Groppi et al.34

Genomic DNA was denatured at 92°C for
10 minutes. The thermostable DNA polymer-

ase extracted from Thermus brockianus was then
added (2.5 U per 100 ml). Thirty five cycles
were carried out, each comprising denaturation
for one minute at 92°C, annealing for one
minute at 55°C, and extension for two minutes
at 72°C.

For ADH3 genotyping, the PCR mixture was
directly digested using the restriction enzyme
SspI. Another site for SspI was created by
directed mutagenesis, as an internal digestion
control.34 The fragments were separated using
high voltage vertical polyacrylamide gel elec-
trophoresis. The ADH3

1 allele was character-
ised by the presence of fragments of 67 and 63
bp, whereas the ADH3

2 allele was characterised
by a single 130 bp fragment. The bands were
visualised in a bath of ethidium bromide and
photographed under UV light.

HISTOLOGY

Histological sections of gastric biopsy speci-
mens were stained with haematoxylin and
eosin, periodic acid/SchiV, and the Warthin-
Starry method. To assess the severity of gastric
mucosal injury, the Sydney System for classifi-
cation of gastritis in antral biopsy samples was
used by a pathologist in a blind fashion.35 A
three graded score system of mild, moderate,
and severe was chosen represented by the
numbers 1, 2, and 3 respectively. The indi-
vidual scores were added to obtain a total score
representing the degree of inflammation (total
range 1–6). The graded variables were degree
of inflammation and inflammatory activity—
that is, the presence of H pylori assessed by the
Warthin-Starry method. The total histological
score was obtained by adding the individual
scores.

IN VITRO STUDIES

To rule out any eVect of MCP and NBS on
gastric ADH, its activity was determined in the
presence and absence of various concentra-
tions of these drugs using human gastric
cytosol. Cytosol was prepared from a human
stomach specimen obtained from surgery.15

The mucosa of histologically normal tissue was
scraped oV with the edge of a glass slide. All
procedures were carried out at 4°C. The tissue
was homogenised (1:4, w/v) in 100 mM potas-
sium phosphate buVer (pH 7.4) in a Potter/
Elvehjem homogeniser. After centrifugation at
9000 g for 20 minutes, the supernatant was
centrifuged at 100 000 g for 60 minutes to
obtain the cytosol. ADH activity was measured
by monitoring the production of NADH at 340
nm at pH 7.4 at ethanol concentrations of 100
mM and at NAD+ concentrations of 2.4 mM at
22°C. Measurements were performed at vari-
ous concentrations of MCP and NBS (as
shown in fig 8). The soluble protein content of
the supernatant fraction was measured by the
method of Lowry et al,32 using bovine serum
albumin as standard.

STATISTICAL ANALYSIS

Data in the tables and text are presented as
mean (SEM). FPM of ethanol was analysed
using paired Student’s t test. The relation
between FPM of ethanol and the speed of GE

Figure 5 Serum ethanol concentration time curves after intravenous administration (n =
7) without medication, with metoclopramide (MCP), or with N-butylscopolamine (NBS).

0.4

0.3

0.1

0.2

0
240906030

Time (minutes)

S
er

u
m

 e
th

an
o

l c
o

n
ce

n
tr

at
io

n
 (

m
g

/1
00

 m
l)

0 120 150 180 210

Ethanol intravenous
Ethanol intravenous after MCP
Ethanol intravenous after NBS

Figure 6 Serum ethanol concentration time curves after intravenous ethanol
administration and after ethanol ingestion (A) without medication, (B) after
metoclopramide (MCP), or (C) after N-butylscopolamine (NBS) (n = 7).
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was measured by Pearson’s product-moment
correlation coeYcient and analysis of covari-
ance. p values of 0.05 or less were considered to
indicate statistical significance.

Results
Figure 3 shows serum ethanol concentrations
after oral and intravenous ethanol application
in eight male (A) and eight female (B)
volunteers. The systemic bioavailability of
ethanol after oral and intravenous alcohol
application was not significantly diVerent in
men and women (p = 0.6194). The FPM of
ethanol in all subjects was 6.5 (6.7)%. There
was no significant diVerence in FPM between
men and women (4.0 (10.0)% v 8.9 (9.4)%, p
= 0.7080). Figure 4 shows serum ethanol con-
centrations in ten volunteers after oral intake of
alcohol without any additional drugs, or with

10 mg MCP or 20 mg NBS. The bioavailabil-
ity of ethanol after oral intake was significantly
altered by these medications, being highest
with MCP and lowest with NBS (no medi-
cation v MCP: p = 0.0158; no medication v
NBS: p = 0.0425; MCP v NBS: p = 0.0097). In
fig 5 the AUC was also measured in seven vol-
unteers when ethanol was given intravenously
in the presence or absence of the two drugs. No
significant diVerence in the systemic availabil-
ity of alcohol was observed after the adminis-
tration of these drugs. Figure 6 separately
shows serum ethanol concentration time
curves of seven volunteers after oral ethanol
ingestion without medication or after 10 mg
MCP or 20 mg NBS in comparison with the
corresponding intravenous serum ethanol con-
centration time curve. FPM of ethanol after
NBS was significantly increased as compared
with after MCP (p = 0.0004), and it just
missed statistical significance when compared
with the FPM of ethanol without additional
medication (p = 0.0525). No statistical signifi-
cance was noted when MCP was compared
with controls (p = 0.4154).

As shown in table 1, highest peak ethanol
levels are reached after intravenous ethanol
administration and lowest after oral ethanol
ingestion after NBS application (p = 0.0356).
Peak ethanol levels are also significantly diVer-
ent if oral ethanol intake following MCP appli-
cation is compared with that after NBS admin-
istration (p = 0.0233). The time point of peak
ethanol concentration is delayed when ethanol
is administered orally after NBS application
compared with the control group without any
medication (p = 0.0371) and compared with
the MCP group (p = 0.0356).

As shown in table 2, the speed of GE was
significantly increased with MCP (p = 0.0006)
and decreased with NBS (p = 0.0001). No dif-
ference in the speed of GE was noted between
men and women. Figure 7 correlates FPM of
ethanol with the activity of gastric ADH of the
antrum (A), the body (B), and both (C),
expressed as the mean of the two values. No
significant correlation was found. In addition,
ADH activity in men was similar to that in
women (antrum: 2.54 (0.81) v 2.34 (1.98), p =
0.8610; body: 5.13 (1.12) v 4.39 (1.96), p =
0.8722; mean of antrum and body: 3.94 (1.07)
v 3.18 (0.75), p = 0.7944). Genotyping showed
ADH3

1/ADH3
1 in three subjects, ADH3

1/ADH3
2

in eight subjects, and ADH3
2/ADH3

2 in another
three subjects. Although the numbers are too
low to evaluate them statistically, the three vol-
unteers with ADH3

1/ADH3
1 had a FPM of 19.6

(7.3)% and an ADH activity of 6.00 (1.48)

Table 1 Peak serum ethanol concentrations and time of peak serum ethanol concentrations without additional medication and following metoclopramide
(MCP) or N-butylscopolamine (NBS) administration (n = 7)

Peak serum ethanol concentration (mg/100 ml) Time of peak serum ethanol concentration (min)

Intravenous Oral Intravenous Oral

– MCP NBS – MCP NBS – MCP NBS – MCP NBS

0.31 (0.05) 0.30 (0.04) 0.27 (0.07) 0.23 (0.08) 0.27 (0.08) 0.21 (0.06) 30.0 (0.0) 30.0 (0.0) 34.3 (6.8) 22.9 (11.6) 29.3 (13.7) 50.0 (21.2)

Results are expressed as mean (SEM).
Significant diVerences in peak serum ethanol concentrations were as follows: MCPoral v NBSoral, p=0.0233; NBSoral v controlintravenous, p=0.0356.
Significant diVerences in the time of peak serum ethanol concentrations were as follows: NBSoral v controloral, p=0.0371; MCPoral v NBSoral, p=0.0356.

Table 2 Speed of gastric emptying after oral ethanol
intake without additional medication and in the presence of
metoclopramide (MCP) or N-butylscopolamine (NBS)
(n=9)

Ethanol
administration Speed of GE (min)

Statistical
significance

Alone (I) 44.1 (3.1) (I) v (II) p=0.0006
+MCP (II) 31.6 (2.8) (II) v (III)

p=0.0001
+NBS (III) 70.7 (4.5) (III) v (II)

p=0.0001

Results are expressed as mean (SEM).

Figure 7 Correlation of first pass metabolism of ethanol
with gastric alcohol dehydrogenase (ADH) activity. (A) In
the antrum (n = 13); (B) in the corpus (n = 12); (C)
mean of antrum and corpus (n = 11).
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nmol/min per mg protein, the eight volunteers
with ADH3

1/ADH3
2 an FPM of 5.0 (7.9)% and

an ADH activity of 3.11 (1.32) nmol/min per
mg protein, and the three volunteers with
ADH3

2/ADH3
2 an FPM of −1.8 (25.4)% and

an ADH activity of 2.42 (2.04) nmol/min per
mg protein. Figure 8 shows the eVect of MCP
and NBS on ADH activity in gastric tissue in
vitro, showing no eVect of those drugs on gas-
tric ADH activity. Figure 9 correlates the speed
of GE with FPM of ethanol with a significant
correlation of p = 0.0407.

Discussion
The data presented here show clearly that GE
time strikingly influences FPM and systemic
bioavailability of alcohol in man. As already
shown in a previous study,24 a significant corre-
lation between the speed of GE and FPM of
ethanol was noted. In a recent investigation by
Amir et al,18 a significant correlation between
GE and FPM of ethanol has also been shown
when the H2 receptor antagonist ranitidine was
administered. Because of the stimulating eVect
of ranitidine on gastric motility, increased
serum ethanol concentrations have been ob-
served after oral intake in the presence of this
drug.

The drugs administered in the present study
(MCP and NBS), which led to significant
changes in FPM of ethanol, significantly
altered gastric motility and influenced GE time

without having any eVect on gastric ADH
activity in vitro. The fact that MCP increases36

and anticholinergic drugs decrease alcohol
absorption37 has been used in the present work
to investigate whether a change in GE time
aVects gastric alcohol metabolism, hepatic
alcohol metabolism, or both. Indeed, a delayed
GE time leads to prolonged exposure of
alcohol to gastric ADH and thus results in
increased gastric ethanol metabolism. On the
other hand, rapid GE of a small dose of ethanol
may change the ability of the liver to remove
ethanol and diminish hepatic FPM.9 A delayed
GE, however, would delay the delivery of etha-
nol into the small intestine. A lower rate of
ethanol absorption from the small intestine
could optimise hepatic metabolism of absorbed
ethanol and could contribute to an increased
hepatic FPM of alcohol.8–10 Thus the rate of GE
probably influences both gastric and hepatic
FPM of ethanol and therefore seems to be an
important modulator of the FPM of alcohol.

GE has been shown to be modified in
normal subjects by many diVerent factors.38

According to Parkman et al,39 GE is aVected by
age, gender, menopausal status, and phase of
menstrual cycle. It is generally slower in elderly
subjects40 41, and may be aVected by hormonal
status in women.39 42 Endogenous or exogenous
female sex hormones are thought to be respon-
sible for this eVect on GE, which has been
shown recently in rats.43 In addition, there are
also reports that gastric motility is aVected by
heavy cigarette smoking44 and by diVerent
kinds of stress.45 Finally, chronic liver disease
and portal hypertension are associated with
delayed GE.46 Thus, if the FPM of ethanol is
compared between groups, the speed of GE
should also be measured and taken into
consideration.

In a recent study by Ammon et al,47 FPM of
ethanol was determined in six men and six
women after a standardised meal using deuter-
ated ethanol administration together with the
administration of unlabelled ethanol at a dose
of 0.3 g/kg body weight. The authors found a
total FPM of ethanol of 9.1% in men and 8.4%
in women and that FPM of ethanol was prima-
rily of gastric origin. These data are in the same
range as our results showing an FPM of
ethanol of 6.5% for all subjects studied. It is
noteworthy that FPM of ethanol varies with
regard to the oral ethanol dose used and to the
time of GE. Thus low doses of ethanol such as
0.150 g/kg body weight as used by DiPadova et
al27 or 0.225 g/kg body weight as used in our
study, together with the administration of a
light meal resulting in delayed GE, increase
FPM of ethanol in general, whereas higher
doses of alcohol administered into an empty
stomach with enhanced GE decrease FPM of
ethanol.

No gender eVect was noted for FPM of
ethanol or gastric ADH activity. This is in disa-
greement with data from our own laboratory5

and with the results of Frezza et al.3 It is, how-
ever, in accordance with the data of Ammon et
al.47 We have recently found higher blood etha-
nol concentrations in women than in men in a
population of elderly patients with and without

Figure 8 In vitro eVect of metoclopramide and N-butylscopolamine on gastric alcohol
dehydrogenase (ADH) activity.
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Figure 9 Correlation of first pass metabolism of alcohol
and the speed of gastric emptying (n = 23).
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atrophic gastritis.24 In this study, it seemed that
GE was delayed in men compared with women
and could therefore explain the finding of
higher ethanol concentrations in women,
which has also previously been reported.3 The
gender eVect on gastric ADH activity may
depend, among other things, on the ethanol
concentration used. Gender eVects have been
described when ethanol concentrations of 200
mM and above have been used,3 5 13 whereas no
such eVects were observed with ethanol
concentrations of between 16 and 100
mM,1 2 5 26 as also shown here. In addition, it is
noteworthy that other factors, such as gastric
mucosal injury (inflammation or atrophy)
and/or the presence or absence of ó-ADH and
the polymorphism of ADH3, aVect gastric
ADH activity so much that gender eVects can-
not be detected.21 22 26 Interestingly, in this con-
text it was found that the interval from the end
of oral alcohol intake to the time of peak blood
alcohol concentration was highly variable,
being 57 (32) minutes in men and 42 (22)
minutes in women after the administration of
0.4–1.6 g ethanol per kg body weight.38 This
again points to greater alcohol absorption in
women than men possibly because of enhanced
GE. Another factor that may increase blood
ethanol concentrations in women compared
with men, also not studied here, is the gender
diVerence in body water.48 In any case, these
data underline the necessity of controlling GE
time, in addition to other factors including gas-
tric ADH activity, when FPM of ethanol is
investigated, and the variability of the factors
discussed above may be responsible for some of
the discrepancies reported in the literature.

Although it has been reported that gastric
ADH activity correlates with FPM of ethanol,3

this could not be confirmed in the present
investigation, which may be due to the small
number of volunteers but also to the fact that
GE time, at least in our study, has a striking
modulatory eVect on FPM by the mechanisms
discussed above. Moreno et al2 emphasised that
polymorphism of ADH3 modulates ADH
activity. Those with ADH3

1–1 had a higher ADH
activity than those with ADH3

2–2 measured at
100 mM ethanol concentration. Although the
numbers are small, it is of interest that those
volunteers genotyped as ADH3

1/ADH3
1 had a

higher FPM of ethanol than those with ADH3
1/

ADH3
2 and ADH3

2/ADH3
2.

In the present study, the AUC method to
calculate FPM of ethanol was used, as, in our
opinion and as previously pointed out by
Ammon et al,47 the integrated Michaelis-
Menten equation to estimate FPM is subject to
the error introduced by the need to determine
Co (extrapolated zero time concentration of
alcohol, which is subject to substantial error),
Km, and Vmax. It has been shown that Vmax and
Km vary considerably among individuals. Km

was also found to vary by up to fourfold in the
same individual tested within a week, and Vmax

varied by as much as 30%.49

In conclusion, various factors seem to be rel-
evant in the gastric and hepatic FPM of
ethanol. Among those, GE time is probably an
important modulator of both gastric and

hepatic FPM of ethanol. Delayed GE leads to
increased, and accelerated GE to decreased,
FPM of ethanol. Thus it is diYcult or even
impossible to draw conclusions from first-pass
experiments in man with respect to mecha-
nisms without knowing the GE time and taking
that into consideration.
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